Background Recently, we have created a revised version of the eighth edition of the tumor-node-metastasis classification for papillary thyroid carcinomas (PTCs) by subdividing the T4a (T4a1 [moderate] and T4a2 [significant]) and N (N1 [N B 3 cm] and N2 [N [ 3 cm]) classifications. This re-staging better stratified patient outcomes. In this study, we investigated the prognostic significance of extranodal tumor extension (LNEx) in PTC. Methods Five thousand six hundred and eighty-three patients with PTC surgically treated in Kuma Hospital were enrolled. We evaluated LNEx based on intraoperative findings. Results One hundred and twenty-seven patients (2%) displayed LNEx. In contrast to what we observed for extrathyroid extension, the prognostic value of LNEx did not change based on the organ that had been invaded, and we therefore analyzed LNEx patients as a single group. In patients aged 55 or older, LNEx independently affected patients' prognoses, as did T4a2 and N2. The cancer-specific survival (CSS) of patients in Stage I but having LNEx demonstrated the similar prognosis to patients in Stage II. Further, in the subset analysis for Stage II patients aged 55 or older, LNEx had a significant prognostic value for CSS in both the univariate and multivariate analyses, as did N2. The CSS of Stage II patients aged 55 or older with LNEx did not differ from that of Stage III patients. Conclusions It is appropriate that, similar to T4a2 or N2 patients, LNEx-positive patients younger than 55 years in Stage I and those aged 55 or older in Stage II are re-staged to II and III, respectively.
Introduction
The eighth edition of tumor-node-metastasis (TNM) classification was published in 2017 [1, 2] , which includes several important changes, such as the age cutoff being set at 55 years instead of 45 years, T1-3N1M0 patients C55 years being downstaged from Stage III or IV to Stage II, and patients with extrathyroid extension corresponding to T4a being downstaged from Stage IVA to Stage III. Previous studies, including ours, showed that the eighth edition more keenly reflected the patients' outcomes with differentiated thyroid carcinoma than the seventh edition [3] [4] [5] [6] .
Recently, we have proposed a revised TNM staging system (re-Stage) for papillary thyroid carcinoma (PTC). We divided T4a and N1 into two categories based on the organs to which the PTC invades and the size of metastasis, respectively, and showed that the re-Stage reflected patients' prognoses more keenly than the eighth edition [7] . However, tumor extension to adjacent organs can originate not only from primary lesions but also from metastatic nodes, although this is rare. Indeed, previous studies, including some from our institution, showed the prognostic significance of extranodal tumor extension (LNEx) in PTC [8] [9] [10] [11] [12] [13] . In this study, therefore, we investigated the & Yasuhiro Ito ito01@kuma-h.or.jp prognostic significance of LNEx and the possibility of upstaging of LNEx-positive cases using a large series of PTC patients.
Materials and methods

Patients
Five thousand six hundred and eighty-three patients with PTC who underwent surgery at the Kuma Hospital from 1988 to 2005 were enrolled (follow-up periods 6-345 months, median 175 months). We excluded patients with other thyroid malignancies. No Stage IVA patients were enrolled in our series because T4b cases are very rare. We obtained informed consent to participate from all patients in advance of the postoperative follow-up; all patients agreed to be followed up by questionnaire even after leaving the hospital. Since this study is retrospective, we did not obtain approval from the ethical committee, subject to the decision of our ethics board. This series is the same as that in our previous study regarding the revised TNM eighth edition [7] , but based on further investigation of patients' prognoses, the number of patients who died of thyroid carcinoma increased from 110 to 116, as described below (postoperative follow-up).
Categorization of LNEx
We regarded PTC invasion from metastatic nodes to adjacent organs corresponding to T4a as positive for LNEx based exclusively on intraoperative findings. PTC invasion from metastatic nodes only to surrounding fat tissue was not categorized as LNEx positivity. None of the patients showed extranodal tumor extension to organs corresponding to T4b. We classified LNEx into two grades: LNEx1, extension to the tracheal adventitia and cartilage, esophageal muscle layer, recurrent laryngeal nerve, cricothyroid muscle, and inferior constrictor muscle, and LNEx2, extension to other organs such as thyroid cartilage, the subcutaneous soft tissues, larynx, tracheal mucosa, esophageal mucosa, jugular vein, brachiocephalic veins, and sternocleidomastoid muscle, which was the same manner as the subdividing of T4a [7] .
Surgery
Total thyroidectomy, subtotal thyroidectomy, isthmectomy, and hemithyroidectomy were performed for 2970, 480, 50, and 2183 patients, respectively. Prophylactic or therapeutic central node dissection was also performed for 5418 patients. Further, 4280 patients underwent uni-or bilateral modified radical neck dissection and 13 underwent therapeutic dissection of upper mediastinal compartment.
Radioactive iodine therapy
Radioactive iodine (RAI) therapy was performed for 47 of 66 patients with clinical distant metastases. RAI therapy was not performed for the remaining 19 because of poor performance status of patients and their refusal. Seventynine patients with M0 underwent administration of RAI C50 mCi for adjuvant therapy or remnant thyroid ablation after total thyroidectomy.
Follow-up of patients after surgery
All patients visited our hospital for blood examination and imaging studies, including ultrasonography, at least once per year. Chest radiography, computed tomography, and bone scintigraphy were also used for follow-up at the physicians' discretion. To date, 377 patients have died of various causes, including 116 of thyroid carcinoma. The incidence of thyroid carcinoma death significantly differed according to patients' age at the initial surgery: Only 26 of 3433 patients \55 years (0.8%) died of thyroid carcinoma, whereas 90 of 2250 patients (4.9%) C55 years did.
Statistical analyses
For univariate analysis, the Kaplan-Meier method and logrank test were adopted. The Cox proportional hazard model was used for multivariate analysis. Both were performed by the StatView (SAS, Tokyo, Japan). We regarded p-values smaller than 0.05 as statistically significant. Table 1 shows the backgrounds and clinicopathological features of the 5683 patients enrolled in this study. Of these, 127 patients (2%) were classified as LNEx-positive based on intraoperative gross findings, and at least partial resection of the organs that metastatic nodes invaded was required for curative resection. The incidence of LNEx was 2%, much lower than that of extrathyroid extension from the primary lesion (14%). Metastatic nodes had invaded the recurrent laryngeal nerve in 36 patients, internal jugular vein in 89 patients, external jugular vein in 2 patients, vagus nerve in 4 patients, accessory nerve in 7 patients, phrenic nerve in 5 patients, sternomastoid muscle in 2 patients, sympathetic truck in 4 patients, supraclavicular nerve in 4 patients, brachiocephalic vein in 1 patient, subclavian vein in 1 patient, and submandibular gland in 1 patient. Seventeen patients showed LNEx to two or more organs. Based on the subclassification of extrathyroid extension in the previous study [7] , we divided LNEx into two categories, LNEx1 and LNEx2, having extranodal tumor extension to other organs corresponding to T4a1 and T4a2, respectively. Ninety-four patients were classified as LNEx1, and 33 were classified as LNEx2.
Results
Background and clinicopathological features of the present series
Lack of difference in prognosis between LNEx1 and LNEx2 patients
We divided LNEx into two categories, LNEx1 and LNEx2, as described in the patients and methods, and compared the differences in CSS between LNEx1 and LNEx2 patients in patients younger than 55 years and those at 55 years or older. The CSS of LNEx2 patients was similar to that of LNEx1 patients in either subset (p = 0.2493 and p = 0.6074, respectively). Therefore, we assessed LNEx patients as a single group without subclassification for further analyses.
The relationship between N and LNEx
Fifty (26%) of 192 N2 patients were LNEx-positive, as were 67 (7%) of 1025 N1 patients. Ten of 4466 N0 patients (0.2%) were also diagnosed as LNEx-positive based on intraoperative findings. Therefore, the incidence of LNEx was significantly related to N status (p \ 0.0001). American Joint Committee on Cancer eighth edition, b revised stage proposed in our previous study [7] , c corresponding to T4a2, d corresponding to T4a1
World J Surg Subset analysis of patients younger than 55 years
On univariate analysis for patients younger than 55 years, LNEx positivity (N = 72; p \ 0.0001, Fig. 1a ), M1 (N = 38; p \ 0.0001), N2 (N = 114; p \ 0.0001), N1 (N = 651; p = 0.0161), T4a2 (N = 28; p \ 0.0001), T4a1 (N = 252; p = 0.0021), and T [ 4 cm (N = 334; p = 0.0006) significantly affected CSS. However, no T3b patients died of PTC, indicating that T3b was not related to prognosis in patients younger than 55 years. Next, we performed a multivariate analysis for factors having a prognostic significance on univariate analysis. Not only M1 (p = 0.0001, odds ratio [OR] = 8.130), but also T4a2 (p = 0.0003, OR = 10.638), N2 (p \ 0.0001, OR = 12.821), N1 (p = 0.0417, OR = 3.155), and LNEx (p = 0.0326, OR = 12.195) had independent prognostic value for CSS ( Table 2 ). As we showed in our previous study, the CSS of Stage I patients with T4a2 or N2 did not differ from CSS of Stage II patients [7] , and we proposed that patients having these features are upstaged to Stage II in the re-staging system. As shown in Fig. 1b , the CSS of Stage I LNEx-positive patients younger than 55 years did not significantly differ from that of Stage II patients (p = 0.7941), indicating that these patients are also strong candidates for upstaging to re-Stage II.
Subset analysis of Stage II patients aged 55 years or older
On univariate analysis for Stage II patients C55 years (N = 365), patients with LNEx (N = 25; p = 0.0016) and those with N2 (N = 37; p = 0.0013) had significantly poorer CSS than patients without these features ( Fig. 2a ). However, patients with T3b (N = 24; p = 0.0595), T [ 4 cm (N = 106; p = 0.9543), and N1 (N = 236; p = 0.1887) did not have worse CSS. On multivariate analysis, both LNEx (p = 0.0456, OR = 3.160) and N2 (p = 0.0298, OR = 3.546) were independent prognosticators ( Table 3 ). The CSS of N2 patients with Stage II was similar to that of Stage III patients [7] . Similarly, the CSS of patients in Stage II with LNEx and those in Stage III did not significantly differ (p = 0.4431; Fig. 2b ). Therefore, Stage II patients with LNEx should be upstaged to Stage III in the re-staging system.
Discussion
In this study, we demonstrated that (1) LNEx was a relatively rare event, occurring in only 2% of PTC patients, (2) the prognosis of patients with LNEx did not significantly vary according to which organs the metastatic nodes had invaded, (3) in patients younger than 55 years, LNEx independently affected CSS, and the CSS of LNEx-positive patients did not differ from that of Stage II patients, and (4) Previous studies have shown the prognostic significance of LNEx from both clinical and pathological aspects [8] [9] [10] [11] [12] [13] , and the American Thyroid Association guidelines adopted pathological LNEx as a high-risk feature of differentiated thyroid carcinoma [14] . However, LNEx has not yet been adopted in the TNM classification. This may be because LNEx is not a common event and its incidence is much lower than that of extrathyroid extension from primary lesions.
In contrast to T4a, we could not establish any significant difference in CSS between LNEx1 and LNEx2 patients aged \55 years (p = 0.2493) or those aged C55 years (p = 0.6074). Why this discrepancy occurs remains to be elucidated, but a significant volume of lymph node metastasis is needed for this phenomenon, indicating that LNEx reflects two aggressive characteristics of PTC: significant invasive character and extensive lymph node metastasis. This might explain, at least in part, why LNExpositive tumors generally have very highly aggressive features. We analyzed LNEx-positive patients as a single group without subclassification and found that LNEx had a very strong impact on CSS, similar to other factors, such as T4a2 and N2. Stage I patients with LNEx and M0 showed a similar CSS to Stage II patients, and the CSS of Stage II patients positive for LNEx did not differ from that of Stage III patients. These results suggest that patients with LNEx are strong candidates for upstaging.
In multivariate analysis of patients \55 years, the ORs of LNEx, N2, and T4a2 were even higher than the OR of M1. M1 is a prominent prognostic factor for CSS, regardless of patient age. However, the CSS of PTC patients \55 years is generally good. In our series, only 26 of 3433 patients \55 years (0.8%) died of thyroid carcinoma, compared to 90 of 2250 patients C55 years (4.9%). The small number of patients \55 years who died of thyroid carcinoma may cause some bias. Alternatively, RAI therapy is known to be effective especially for young M1 patients, indicating that the prognostic value of M1 in patients \55 years is lower than that in patients C55 years, and in these patients, M1 has a prognostic value similar to that of other factors, such as LNEx, T4a2, and N2.
Our study has some limitations. First, this is a retrospective study. Second, LNEx is relatively rare, and its incidence was lower than that of extrathyroid extension. Therefore, analyses including more patients are needed to more accurately elucidate how LNEx affects prognosis. If analyzed using a large number of cases, the prognoses of PTC patients may differ according to which organs metastatic nodes extend. In this study, the classification of LNEx1 and LNEx2 used the same criteria as that for T4a1 and T4a2, but extranodal tumor extension can occur to organs that are not likely to be invaded by primary lesions, such as the submandibular gland. Here, we classified such cases as LNEx2, but future studies should review whether this is the correct classification. Last, the therapeutic strategies administered to patients enrolled in this study significantly differ from those currently administered. In CSS cancer-specific survival, PTC papillary thyroid carcinoma, CI confidence interval, LNEx extranodal tumor extension our series, the number of patients who received RAI therapy or ablation was small (N = 79). In summary, in all patients (\55 years and C55 years), LNEx showed a significant prognostic value for CSS. Patients with LNEx may be candidates for upstaging. However, further investigation with a larger number of patients having LNEx is required for more detailed analysis, such as the difference in prognoses of LNEx-positive patients according to which organs metastatic lymph nodes extend.
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